The purpose of the this study was to describe maturation-related changes in the sexual and aggressive behaviors of Hereford bulls. Two groups of 13 and 14 bulls, respectively, were tested for sexual and aggressive behaviors every 3 mo from 3 to 24 mo of age. At 3 and 6 mo of age, the bulls were exposed, as groups, to two estrous females, whereas at 9, 12, 15, 18, 21, and 24 mo these bulls were tested under each of the following several treatment conditions: 1) individual tests (single males were exposed to single females), 2) small-group tests (three or four bulls:three females), 3) largegroup tests (13 or 14 bulls:3 females), and 4) maleonly tests (13 or 14 bulls were placed in the test arena in the absence of females). Most bulls consistently mounted females by 9 mo of age. Twenty-one of the 27 bulls (78%) attained their first ejaculation at either 12 or 15 mo of age. The frequency of mounting without ejaculation was greatest in large-group tests at 12 mo of age, and ejaculation frequency peaked at 18 mo. The incidence of male-male mounting in largegroup tests (with females) did not appreciably change from 3 to 24 mo, whereas male-male mounting in male-only tests was greatest at 9 and 24 mo. We conclude that sexual performance data obtained in serving capacity tests administered to yearling bulls before 18 mo of age may underestimate the mating potential of certain individuals. Aggressive behaviors are sufficiently well developed in males by 18 mo of age that prolonged bouts of fighting may reduce the reliability of sexual performance data when testing males in groups.
Introduction
Breeding soundness examinations of male livestock have not routinely included an evaluation of mating (sexual) behaviors. Techniques for evaluating the sexual performance of bulls, rams, and boars consist of exposing males individually or in groups to one or more unrestrained estrous or restrained nonestrous females for a specified period of time (see reviews by Chenoweth, 1981; WodzickaTomaszewska et al., 1981; Price, 1987) . Observers typically record the frequency of mounts and ejaculations (serving capacity), as well as locomotor deficiencies and genital abnormalities (Blockey, 1984; Chenoweth, 1986) .
Knowledge of stages in the development of sexual behavior in male farm animals is important for the scheduling and interpretation of sexual performance tests, particularly when relatively young animals are involved. Beef producers are becoming increasingly interested in purchasing and using yearling bulls in their breeding programs. Many cattlemen have become aware of the marked variation in libido and mating ability among individual bulls and are willing to pay more for a young male with demonstrated mating competence (Blockey, 1984) . However, whether reliable information can be obtained from sexual performance tests administered to sexually naive bulls early in their yearling year is not certain (Boyd and Corah, 1988) .
The following study describes the develop ment of sexual behavior and mating competence in two populations of polled Hereford bulls from 3 to 24 mo of age. The develop ment of aggressive behavior was also studied because sexual performance tests are frequently administered to bulls in groups in which case agonistic interactions may influence the data obtained.
Materials and Methods
Subjects. The subjects were 27 polled Hereford bulls born in late October and early November in two consecutive years and reared as separate groups of 13 (A) and 14 (B) individuals. Group A bulls were the progeny of five sires, and group B subjects were sired by four bulls; only one sire was common to both groups. The bulls resided with their dams at the UC Sierra Foothill Range Field Station until 7 mo of age (Le., weaning), at which time they were transferred to the UC Davis campus, where they were maintained in unisexual groups in 12-x 43-m pens until the experiment was concluded (when the bulls were 24 mo).
Eight ovariectomized Hereford heifers were used as stimulus females for each group of bulls. Females were born a year earlier or at the same time as the bulls and were reared and maintained in the same manner as the male subjects. Testing. Body weight and scrotal circumference measurements were obtained and tests were conducted for sexual and aggressive behaviors every 3 mo (February, May, August, and November) starting at 3 mo of age and ending at 24 mo. Tests at 3 and 6 mo were conducted at the field station in a 10-x 20-m enclosure; the remaining tests were conducted in a 12-x 24-m enclosure at UC Davis.
At 3 and 6 mo of age, the bulls in each year-group were collectively exposed to two hormone-induced estrous females, one restrained (Price, 1987) and the other unrestrained, for two 120-min tests administered 4 d apart. Estrus was induced by injecting (i.m.) 10 mg of progesterone on d 3 and d 2 before testing followed by 500 pg of estradiol benzoate 24 h before testing.
At 9, 12, 15, 18,21, and 24 mo of age, the bulls were exposed to restrained, nonestrous females in a manner similar to that outlined by Blockey (1981a,b,c) . Females were restrained in metal, free-standing stanchions (Price, 1987) . A tranquilizer-analgesic (Xylazine) was administered to each female before testing and lubricating jelly was applied to the vulva to prevent chafing. Each bull was sexually stimulated prior to testing by permitting it to observe the mounting behavior of the preceding test animal(s) (Blockey, 1981b; Mader and F'rice, 1984) . The following eight tests (four test-types) were administered 2 or 3 d apart at each age: two 40-min tests in which bulls were individually exposed to a single restrained female (individual tests), two 40-min tests in which three or four bulls were simultaneously exposed to three restrained females (smallgroup tests), two 120-min tests in which the entire group of bulls (n = 13 or 14) were exposed to three restrained females (largegroup tests), and two 120-min tests in which the entire group of bulls were placed in the test arena in the absence of females (male-only tests). The test order at each age was 1) individual test, 2) small-group test, 3) largegroup test, 4) large-group test, 5 ) small-group test, 6) individual test, 7) male-only test, and 8) male-only test. The sequence of the first six tests at each age period represents an attempt to counterbalance the order of test administration; male-only tests were administered at the end of the sequence because they were added shortly after data collection had begun. Stimulus females were restrained 7 m apart and were replaced on a regular basis. Testing was administered between 0600 and 1400. These tests are referred to as sexual performance tests, rather than serving capacity tests, because ejaculation rate was only one of many sexual behaviors recorded. Sexual and aggressive behaviors and their descriptions are presented in Table 1 .
Sexual and aggressive behaviors exhibited during large-group tests were recorded on audio tape by separate observers because of the large number of test subjects involved The time at which each sexual behavior occurred was recorded during individual tests. The time at which ejaculations occurred was recorded for all tests. Head and shoulders are raised and weight is shifted to the rear as if the animal is about to mount, but at least one front foot remains on the ground. Both front feet simultaneously leave the ground, but the animal does not become frrmly plmted on the mountee's rump. Animal becomes firmly planted on the mountee's rump but does not exhibit the deep thrust characteristic of ejaculation. Animal exhibits mount with deep thrust, often clearing the ground with one or both hind feet.
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Statistical Analyses. The SAS repeated-

Results
measures
ANOVA-was used to analyze the data for age of subjects (test period), test replicate (within ages), test type (individual vs small-group vs large-group vs male-only tests), and bull group (A vs B). Test replicates for each test type at each age were not significantly different; hence the two scores were averaged in each case for subsequent analyses.
Test-type proved to be a significant variable for certain key behaviors (e.g., ejaculation rate) and is the focus of another paper (Pnce and Wallach, 1991b) . The data for test types did not interact significantly with age (i.e., a g e related changes in behavior were similar in individual, small-group, and large-group tests).
Behavior development progressed at similar rates in bull groups A and B. However, there were quantitative differences in their performance in some cases, which warranted separate treatment of the data by groups in this report. To avoid redundancy, data from both groups are not presented in all cases when developmental rates were similar. Log transformations of the data were made when variances were not homogenous. For mean comparisons, rtests were conducted between pairs of least squares means with the P-value adjusted for the number of comparisons.
Body Weight and Scrotal Circumference.
Changes in body weight and scrotal circumference from 3 to 24 mo of age are presented in Table 2 . A slightly different feeding regimen for bull groups A and B resulted in a significant group x age interaction for body weight (P < .001). Group A bulls generally were lighter in weight up to 9 mo of age but heavier thereafter. The group x age interaction for scrotal circumference was not significant (P < .24), but there was a tendency (P < .07) for larger circumferences in group A bulls. Little increase in scrotal size was noted after 15 mo.
Heterosexual Behavior. Mounting in response to an estrous female was first exhibited by most bulls at 3.6, or 9 mo of age (Table 3 ).
The majority of subjects (21 of 27 bulls; 78%) attained their first ejaculations at either 12 or 15 mo; a few ejaculated for the first time at 9 or at 18 mo of age (Table 3) . Groups A and B exhibited similar developmental rates with respect to these variables. The frequencies of mounting (without ejaculation) and ejaculation during 120-min largegroup tests administered to bulls in groups A and B from 3 to 24 mo of age are presented in Figures 1 and 2 , respectively. Age (maturation) effects were found for both variables (P < .OOO1, in each case). Mounting was less common at 3 mo than at 9,12,15,18, and 24 mo and less frequent at 6 and 21 than at 12 mo. Ejaculations were less frequent at 3, 6 , 9, and 12 mo than at the older ages. Bulls in group B ejaculated more frequently (P < .05) than group A bulls at 18 and 21 mo (group x age interaction, P < .001), but groups did not differ in frequency of mounting (P > .66). mount with ejaculation. ejaculations than bulls in group A both in individual tests at 21 mo and in small-group tests at 15 and 21 mo. Homosexual Behavior. Age-related changes in the frequency of malemale mounting differed with the test context (P c .001). Malemale mounts (plus mount attempts) initiated during large-group tests (120-min) did not appreciably change from 3 to 24 mo of age (P > .lo; Figure 3 ). However, mounts plus mount attempts varied with age in male-only tests (P < .OOl). Mounting was more (P c .05) frequent at 24 mo than at 12, 15, 18, or 21 mo and more frequent at 9 than at 15 mo.
Aggressive Behavior. The frequency of aggressive behaviors exhibited varied with age in both large-group tests (Table 5 and Figure  4) and male-only test interactions (Figure 5) . In large-group tests, sizeable increases in the frequency of sparring were observed as the bulls in groups A and B matured (P < .001 for both groups). Butts directed at bulls engaged in mounting females and other butts and displacements were observed less fiequently than sparring; only minor age-related changes in butting/displacements were found (P < .05) in both bull groups.
Aggression followed a different developmental pattern in male-only tests (conducted between 9 and 24 mo). Butting male penmates in the act of mounting seldom occurred in these tests; thus, age-related changes in the incidence of this behavior were not observed (P > .05). Sparring and other butts/displacements varied with age (P < .001 for both variables). Sparring declined from 9 to 12 mo and remained low until 24 mo, when it abruptly rose. Other buttddisplacements followed a pattern similar to sparring, with the exception of an increase at 15 mo.
Discussion
Mounting is observed frequently among groups of juvenile domestic ungulates (Sambraus, 1970) . In the present study, 25 of 27 (93%) Hereford bull calves exhibited mounting responses to estrous heifers by 9 mo of age. Ejaculatory behavior developed more slowly. Only 16 of 27 (59%) bulls had ejaculated by 12 mo of age and four bulls (15%) ejaculated for their fist time during tests at 18 mo. These results suggest that it is difficult to obtain reliable information on the serving ability of Figure 4 . Changes io the number of aggressive behaviors observed in 1 2 m i n large-group tests adminissome yearling beef bulls until they are 15 to 18 mo of age. Serving capacity testing of 12-to 18-mo old bulls may be more valid if the animals are given either sexual experience with unrestrained estrous females before testing (Boyd and Corah, 1988) or a series of sexual performance tests (Lundstra, 1980) .
The general decline in the frequency of mounts without ejaculation after 12 mo of age can be attributed to the development of serving ability. The refractory period (sexual inactivity) following ejaculations reduces the amount of test time available for subsequent sexual responses (Price and Wallach, 1991a) . After ejaculatory competence is achieved, an "efficient" bull will exhibit very few mounts without ejaculation.
The age at which the bulls fist mounted and ejaculated (i.e., developmental rates) were very similar in groups A and B (Table 3) . However, the two groups differed in ejaculation frequency at 15, 18, and 21 mo. lower ejaculation rates. Chenoweth (1986) noted that "overconditioned" bulls or bulls that have been on "high feeding levels" may show lower-than-expected libido scores. In addition, only one sire was common to both bull groups, suggesting a possible genetic influence on levels of sexual performance.
Male-male mounting was not eliminated, but it was markedly lower when bulls were exposed to females (largegroup tests) than when females are absent (Figure 3) . The incidence of male-male mounting in largegroup tests (with females) did not change appreciably with age of the bulls, but a relatively sharp decline in male-male mounting was observed in maleonly tests conducted at 12, 15, 18, and 21 mo of age. Baker and Gonyou (1986) also reported that age-related changes altered the incidence of male-male mounting in all-male groups of young, intact bulls. Tennessen et al. (1985) using young bulls noted an inverse relationship between the frequency of male-male mounting and ambient temperature. However, the decline in malemale mounting in the present study spanned a 9-mo period (November through August) and, thus, is unlikely to be weather-related.
Male-male mounting in beef bulls facilitates learning proper mount orientation (Silver and Price, 1986 ) and may otherwise represent either an alternative outlet for sexual behavior in the absence of females (Tennessen et al., 1985; Baker and Gonyou, 1986; Price et al., 1988) or a display of social dominance (Klemm et al., 1983) . The present study provided no information to support or refute this latter hypothesis because the subjects had not formed stable dominant-subordinate relationships by the conclusion of the study at 24 mo of age.
In general, age-related changes in the frequency of aggressive behavior (particularly sparring) followed the same pattern as the development of sexual behaviors. Dramatic increases in both sexual and aggressive behaviors were observed between 6 and 15 mo of age, during a period of time in which serum testosterone levels are also rapidly increasing (McCarthy et al., 1979) . Age-related changes in sparring closely tracked the degree of sexual activity in male-only and large-group tests. When the incidence of male-male mounting in male-only tests declined during the period from 12 to 21 mo (Figure 3) . a corresponding decrease in the frequency of sparring was also noted ( Figure 5 ). However, in large-group tests administered at those same ages, levels of sexual activity and sparring were relatively high. In male-only tests, sparring would frequently erupt when one male mounted or attempted to mount another. The mounted animal usually would initiate the aggressive interaction. In large-group tests, intermale sparring was frequently initiated when two bulls showed an interest in the same female.
Bulls were particularly vulnerable to being butted when engaged in mounting females (large-group tests). There was little evidence that bulls competed for the opportunity to mount other males (Price and Wallach, 1991b) .
Possible influences of climate, photoperiod, and sexual experience on behavioral development were not examined in the present study because all the subjects were born at the same time of year and were subjected to the same test regimen, Also, the rate of behavioral development recorded in this study may not necessarily be representative of bulls of other beef breeds or other polled Hereford populations under different management conditions.
Implications
Beef producers are interested in using yearling bulls in their breeding programs. Breeding soundness evaluations of young bulls should ideally include some assessment of mating competence. Some yearling bulls of the polled Hereford breed are sufficiently mature at 12 to 13 mo to express their inherent mating potential; others do not attain ejaculatory competence until they are 15 to 18 mo old. Hence, serving capacity evaluations on sexually naive yearling bulls should be interpreted cautiously up to 18 mo of age. Young bulls with relatively high sexual performance scores can be safely used as herd sires, whereas bulls with low scores should be reevaluated at an older age (e.g., 18 mo) or after they have obtained sexual experience. 
